Use of the electrocardiogram is necessary to advance knowledge of the epidemiology of ischaemic heart disease. Analysis of the electrocardiogram in epidemiological practice, however, may be difficult since the clinical method of interpretation cannot be used because of its deficiencies in standardization and reproducibility Burgess, Fejfar, and Kagan, 1963; Davies, 1958; Higgins, Kannel, and Dawber, 1965; Rose, 1965; Rose and Blackburn, 1968 ; Scandinavian Committee on ECG Classification, 1967) .
Therefore, the epidemiologist must avoid any interpretation of the electrocardiogram. He has to give a description of it which should be as reproducible as possible and yet relevant to the diseases under study. Such a description has to be based on a set of measurements and not on the qualitative evaluation of certain patterns.
The method of classification known as the Minnesota Code (Blackburn, Keys, Simonson, Rautaharju, and Punsar, 1960; answers this requirement. Since 1966 the Groupe d'Etude sur l'Epidemiologie de l'Atheroscl6rose (GREA) has used a particular protocol for this code; details have been published elsewhere* (Elgrishi, Ducimetiere, Richard, and Gelin, 1969 Each technician coded, on two occasions (although not aware of this), 80 electrocardiograms selected from among those of a cardiovascular survey then in progress; 60 had been recorded at rest and 20 after exercise. Twenty-five, which were within normal limits, were chosen at random. The 55 abnormal ones were selected so that the main electrocardiographic features analysed in the code were represented in the sample. The technical quality of the tracings was ignored in making the selection. In this way, each electrocardiogram was coded eight times, a total of 640 classifications. Their comparison is the subject of the present study.
The tracings recorded at rest include leads VI, V2, V3, V4, V5, V6, I, II, III, aVL, aVF, and aVR.
Standing immediately after exercise (sub-maximal exertion on a bicycle ergometer) leads V6, V4, V2, 1, I, III, aVR, aVL, aVF, V6 and V4 were recorded,  in that order.
In contrast to the original Minnesota Code protocol, the findings after exertion were coded independently from the findings at rest.
From the formulae used by the GREA it is possible to obtain a classification of the tracings according to the international conventions of the Minnesota Code**. The results presented in this study are therefore expressed with these international conventions.
The eight readings made for each electrocardiogram were compared with a reference interpretation. The Higgins et al. (1965) are in agreement in 39 % of cases. When the detail of the analysis is considered, agreement was achieved in 87 % of cases in regard to the Q wave, in 77% of cases in regard to the J point and in 74 % of cases in regard to the T wave amplitude.
A double interpretation of 440 electrocardiograms was carried out by Higgins et al. (1965) . The interpretation showed a difference in 93 (21 %).
The order of magnitude of the variability of the interpretation indicated by previous authors Burgess et al., 1963; Davies, 1958; Most, Hornsten, Hofer, and Bruce, 1968) is also found in the present study.
The simple discrimination between normal and abnormal tracings is fairly good since the specificity and the sensitivity are respectively 89 % and 97 %. However, as has already been pointed out, the abnormalities which lead to the conclusion 'abnormal tracing' may be different from one observer to another. Examination of the results shows that the differences in interpretation between observers are of the same order as those found for the same observer. In this connection it should be remembered that the technicians were trained by the same doctor and that they participated in regular common training sessions. On the other hand, the coefficients of accuracy and reproducibility are not independent; the better the reproducibility, the greater is the chance of a large number of interpretations in agreement with the majority interpretation. In contrast, for each section the results are clearly different according to whether the MRC does or does not include a codable abnormality. The accuracy and reproducibility are less high in the presence of an abnormality (majority codification other than 0). In this case, the appraisal of the importance of the abnormality (codification 1, 2, 3 . . .) introduces an extra variability into the interpretation.
The most important sections in the Minnesota Code in regard to ischaemic heart disease (ST depression and T wave) gave very satisfactory results.
It is, however, difficult to code these sections with precision. The quality obtained appears to be related to the following facts: 1. The rules for the use of the Minnesota Code in regard to these sections are very precise.
2. An important part of the technicians' training was devoted to the study of ventricular repolarization. 3. The presentation of the questionnaire was planned in such a way that the investigators had to give an individual answer for each electrocardiographic lead. This limits the consequences of inadvertency.
The results are slightly less good for Q waves and QS patterns. This is perhaps explained by the fact that in the questionnaire we use, this section is presented in a less analytical way than the ones concerning the T waves or the J point. (A response is required for a set of leads and not for each lead.) Added to this, the technicians were trained to code Q waves or QS patterns conservatively.
If one groups together different sections of the code, an overall estimation of the mean accuracy and reproducibility of the analysis is possible for all the sections. One hundred and fourteen abnormalities were coded as representing the MRC. These majority patterns were noted 744 times out of the 919 corresponding analyses, i.e., 82%. For all patterns coded 0 or not codable (486 analyses), the corresponding proportion is 97%. For the 114 abnormalities recorded as majority interpretations, the coefficient of reproducibility for the two readings was 79%. This reproducibility is 96% in respect of codes 0.
The incidence of the various abnormalities observed in this study does not, of course, reflect the morbidity in the population investigated, since the electrocardiograms were selected to include an over-representation of electrocardiographic signs of ischaemia and infarction. In considering the above overall estimations one can say that the value of the coefficient of accuracy in the course of an investigation in a real population is somewhere between 82% and 97% and the value of the coefficient of reproducibility is between 79 % and 96%. In both cases the real value is proportionately nearer the upper limit than the lower limit as the incidence of electrocardiographic abnormalities is low in the population under study.
It seems that improvement in the quality of the interpretation could be achieved by (a) repeating periodically, with short series, studies of this type. The results should be communicated with comments to the investigators; (b) Although the reproducibility of the interpretation is still imperfect and much effort is still required, the Minnesota Code, with its procedural application, remains at the present time the only means of achieving a standardization of the manual coding of electrocardiograms in the course of epidemiological investigations. Much of the element of reproducibility is improved by computer programming for ECG coding but there is still a large commitment of many population studies with conventional paper tracings. 
